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© Process for producing optically active atenolol and Intermediate thereof. 

© Improved process for producing an optically active atenolol useful as a ^-adrenergic blocker for the 
treatment of angina pectoris, arrhythmia and hypertension, which comprising reacting a phenol compound with 
an optically active eplhalohydrin to give an intermediate, optically active glycidyl ether compound, followed by 
reacting the Intermediate with isopropylamine, and purification method of the optically active atenolol In high 
yield by means of forming a salt of atenolol with a Brflnsted's acid whereby the salt of optically active atenolol 
having high optical purity can be separated from the salt of racemlc atenolol by solid-liquid separation method. 
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PROCESS FOR PRODUCING OPTICALLY ACTIVE ATENOLOL AND INTERMEDIATE THEREOF 

This Invention relates to an Improved process for producing ^^ZTt^J^^m 
*«*of Mors oarticularlv it relates to a process for producing an intermediate, optically active g ycwy 
^o^n^tla^ optcaily^e atenolol tarn ^rTToT^^^ 

and also to a method for isolation and purification of the optically active atenolol in a high yield, 
ether and also to^me^for«o P 4 -(2-h y droxy.3-[(l-methylethyl)amlnolpropoxy> 

ben eneLtiS is ^ful aH' adrenergic blocker for the treatment of angina pectoris, arrhythrnla and 
n^rtSS T« 2 Sso known Katenota. has an Larytoxy-a-aminopropan-a-o. 
Ew-bonded carbon Is an asymmetric carbon and hence includes optical isomers^- and S-«omers 
!K STerThereof | 6 part.cu.any useful as /.-adrenergic b^eHnJewot ^J^*^**' 
, 0 cal activities. It la reported that only S-lsomer of atenolol has hypotensive ?W ^ _ on 
brachycardia (cf. AA. Pearson. T.E. Gaffney. T. Walle. P.J. Privttera: J. Pharmacol. Exp. Thar.. 250 (3). 759, 

1{ Thas been proposed to produce the optically active atenolol by the steps shown In the following 
scheme (d. JP-A-50-77331, DE-A-2453324): 



is 



Ar-OCH 2 CritH 2 OH . > At-OCH 2 CHCH 2 OZ 

OH 0H 
(1) (2) 



1 



so 



Ar-OCH 2 CHCH 2 NHCH(CH 3 ) 2 * Ar-OCH 2 CE---CH 2 

OH 0 

(3) 



(4) 



wherein Ar is 

NH 2 COCH 2 -^^-, 



40 Z Is a halogen atom or sulfonyloxy group, and ' means asymmetric caifcon. . nlrvl ^ 

However, this process has some disadvantages. That is. It requires multiple steps for obtaining *e 
compound ) from the starting D-mannito.; in the step of converting the primary hydroxy group of the 
£m£und (1) into the conespondlng halogen or sulfonyloxy group. 
(NH 2 COCH 2 :) on tt, e aryl group is also reacted with the reactant and Is converted Into 
« due to production of a large amount of the byproduct, the yield of the desired compound <4) Is very low. 
toss 5£S?: and fuZ. the secondary hydroxy group is aiso reacted with the reactant hearnadafl^ 
and thereby, the Intermediate glycldyl ether (3) has less purity such as 80 %j ee or lower. £c«*n*. the 
above. process Is not suitable as an Industrial process for producing the desired 

It Is also Known that atenolol and analogues are prepared by reacting a pliew compound w-th 
eplhalohydrtn (e.g. eplchlorohydrin) to obtain a glycldyl ether and then reacting the glycldyl etfier ^ with an 
amine compound <ct U.S. Patent Nos. 3.683.807, 3.836.671 and 3.934.032) as shown by the following 
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C1-CH 2 -CH— CH 2 At ' -OCH 2 CH— CH 2 

Ar 'OH + \ / \ / 

{5J (6, 0 < 3 '> 



I RNH 2 



Ar'-OCH 2 CHCH 2 NHR 
OH 
(4») 



wherein Ar' Is a substituted phenyl Including 

NH 2 COCH 2 -@-, 

and R is a lower alkyl. ™-H«d with an excess amount of eptchlorohydrin (8) in the 

That Is. the phenol compound (5) is reacted wth an """Jj™^ ^ to 100 ' C for several 
presence of catalytic amount of piperidme or a salt thereof at a te ^^*^ ™ „ 3,^1™ to 
hours to oive the glyddy. ether Intermediate (3"). indi. 
9- the desired ^^-^ impound 
optically active epichlorohydrin (8) is used. ra(»m zatwn o^urs , , less than 70 % ee. and 

n II «o pww » product i» i-pi««wr-s-»^^P~P^ <^"^ ™ ,., rt^,, 

* ""??•» ,*o, o. .» MM to provide an tmprov* prod- (or pro*,cin s dpUC, «*. »«*• «. 

'"mZS'SL. «** «* * Mmpou " < ' " 

the formula: 
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20 



25 



NH 2 COCH 2 -Q-OH (I) 

optically active glyddyl ether of the formula: 

-wQA/ 1111 

■ N B J COCH a -Q-0-CH 2 CBCH 2 NB-Ca(CH 3 ) J U«> 

OH 

^ aoueoue sonant use, ,n ajeve P ^« ^S£T^ 
solvent such as alcohols (e.g. m*-J. U»» , to .uer«). ha^n«ad hydrocer- 

tetrahydrofuran. dioxane). hydrocarbons (a* he»n* ^"".^ methyl ethyl ketone), aprohc polar 
bona (e.g. dichloromethane. dtcNoroethane). ketones Je* «e . ^ of two or 

Xnt8 (e.g. cnmethyBormamlde. dimethyl surf^dde). whfch jay ^De , or heterogeneous 

mTttM* The mixture of water and the organ* ^^.^^^y active gfycidyl ether (U) is 
SrSSn the reaction is carded out In ^^yC^^a contentions separation nrthod. 
precipitated aa crystal in the reaction system ^^ ^L andVall metal hydroxide are used In a 
v/hen' water alone is used as the ^^^ffSSm viscous slurry, and hence, in such a case. » 
high concentration, the reaction ^^"^ent Water la uauaily used In an amount oM to 
, orafarable to use a mixture ot water with an organic sorv«<u water and an organic 

^m^Jer amount by weight to ths |^ g^*^ to t par, by vo«ume of 

m ^ ^ me. «■—■.■—: rn»^ASr«« 

aieali metal hydroxide Is usually used In the form of an eq 

% by weight. , „ ^ ^ aolhalohydrin to an aqueous alkaB solution of the phenot 

»H 2 C0CH 2 -Q-<W 



30 



36 



ftWVUNV (IV) 



4 




EP 0 435 068 A2 



a hydroxy. Specific examples ^ *235Lm Iodide. n<ctyttrirnethylammon,um bromide, dlauyh 
tonzyltriethylamrnonlum chloride, ^hyiwMe. tetra-rvbutylammonlum iodide. stearyH 

dSiylammonium chloride. P^^ 11 ^^^^ bSe tetra-n-botylammonlum hydrosulfate. 
KUmomum bromide. ^^t^n^-f to 5.% by weight based on 
The auaternary ammonium compound is usw» y ^ . . 

,« the wetaht of the phenol compound (I). . 6 ' to 30* C. more preferably 5 to 

S reaction temperature is In the range of 0 to 35 C- Pre^y „ 6 the ^us reaction medium 
is below o'C ^°^^^r 35'C^efliyc.dyl ether (U) has 
ScaS free»s. and on the ^ e ;^ ^^^^d^anta^usly Increased- ^eo^ 
toss optical purity and the amount of the ^ degree ol reception endfurlher he 

,5 when tL reaction temperature la higher. K tends to Increase ' ^ metal salt to produce islde 
pTduced glycldyl ether 00 reacts "»J*£fJ TScSJ. the reaction system is cooled to 0 to 
£5on product Accordingly, at the initial stage ofthe temperature la tower, the produced 

K and!» temperature la gradually raised. ^^J^S warfon is carried out at 5 C, the 

» Joduced glycldyl ether (..) * " * SSL. the reason ia carried out for too iong 

hours at room temperature, and tor 10 J product which is hardly removable byji^ 



NH 2 COCH 2 -^Q-0-CH 2 CHCH 2 -Hal 



(V) 

OH 



so 



m matte csrbon However, this 

J^Z^ «~«ials can be isolated from the reaction mixture oy -a acetate). Alternatively, the 

hJS l^o 8 carbon atoms (e.g. methanol, ethanol. M ethyl ketone, methyl iaopropyl 

k5S2 havmg 3 t 6 carbon atom, Jf^*J. ^y, acetoto. ethyl acatoto 
Se^nethyl isobutyl ketone, cyclobexanone). j^ 0 ~" 4 cerbon stoma (e.g. acetonltrile. 

STbS. ethylene glycol dlacetate). Jjj""* J ^3 alone or in combination of two or moro 
M pTc^X butyronnri^. ^^L^dTkeSTS the glycldyl ether can 

HITani nreferablv a combination of an alcohol ana a ' 

SS in an optical purity ol « % or higher „ converted into the 
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uniformly dissolved In the solvent When the glycidyl ether (II) contaminated with the side reaction product 
halohydrin (V) is used, it is preferable to add en alkali metal carbonate (e.g. sodium carbonate, potassium 
carbonate) to the reaction system at the initiation or middle of the reaction in an amount of 1 to 5 moles to 
1 mole of the halohydrin (V). When the reaction temperaturejs lower than 5* C, the reaction proceeds very 

s slowly, but on the other hand, when It is higher than 60* C, the NH 2 COCHa- group of the product Is 
disadvantageously hydrolyzed under basic condition. Besides, in order to prevent the reaction of the 
produced atenolol with the glycidyl ether (II), it is preferable to carry out the reaction in such a manner thai 
the gtydiyl ether is added to Isopropylamine In a solvent. 

The reaction of the optically active glycidyl ether (II) and isopropylamine may also be carried out In the 

10 presence of a catalytic amount of a Lewis acid, such as iron chloride, aluminum chloride, trifluoroborone, 
magnesium haJide. copper hallde, nickel hafide, cobalt halide, tin hallde, at room temperature (cf. JP-A-57- 
95946). * 

The optically active glycidyl ether (II) obtained by the present invention can also be used for reacting 
with other alkyiamines to produce other optically active ^-adrenergic blockers. Thus, an object of this 

T5 invention is also to provide a process for producing the optically active glycidyl ether per se. 

According to the process of the present Invention as mentioned hereinabove, the optically active 
atenolol can be obtained in an optical purity of 98 % or higher In a high yield, but it requires to repeatedly 
recrystalllze the Intermediate optically active glycidyl ether (It) for obtaining the highly pure optically active 
atenolol. 

20 The present inventors have further Intensively studied a method for isolation and purification of the 
optically active atenolol more easily without necessity of the repeated recrystallizatfon of the intermediate 
glycidyl ether, and have found that the atenolol per se has a small difference in the solubility between the 
racemlc mixture and the optically active product and hence it is difficult to isolate the optically active 
atenolol by utilizing the difference in solubility, but when the atenolol Is formed a salt with BrtfnstecTs acid, 

26 the salt shows a big difference in the solubility between the optically active product and the racemic 
mixture, and by utilizing this difference in the solubility, the desired optically active atenolol can easily be 
separated. 

Thus, another object of the invention Is to provide an improved method for isolating and separating 
optically active atenolol in high optical purity and yield, 
so The purification method of this invention comprises treating the atenolol (III) obtained in the above- 
mentioned process with a Brtfnsted's add to form a salt thereof, separating selectively a salt of optically 
active atenolol having higher solubility from a salt .of racemic atenolol having lower solubility In a solvent 
utilizing the difference of the solubility in the solvent followed by removing the acid moiety from the thus 
separated salt 

35 The selective separation of the salt of optically active atenolol with Brensted's acid can be carreid out 
by extracting the salt having higher optical purity from the solid salt mixture having lower optical purity with 
a solvent or dissolving the salt mixture having lower optical purity in a solvent removing the precipitated 
salt which has high content of racemic mixture and isolating the desired salt having high optical purity from 
the liquid phase. 

40 The Br0nsted's acid used In this Invention Includes inorganic adds, organic mono- or dl-carboxyllc 
adds, organic sulfonic adds and phenols, which may be used aione or in combination of two or more 
thereof. Suitable examples of the add are inorganic acids such as hydrogen chloride, hydrogen bromide, 
hydrogen Iodide, sulfuric acid, phosphoric acid; organic carboxylic adds such as formic acid, acetic acid, 
propionic add. butyric add, 3-methylpentanolc add, W-dimethylpropionic add, oxalic add, succinic acid. 

45 glutaric acid, adipic acid, malelc acid, fumade acid, citraconic add, or aromatic adds such as benzoic add. 
phthalic add, terephthalic acid, cinnamic acid, furancarboxyllc add, pyridinecarboxyfic add, or phenylacetic 
add wherein the aromatic ring may optionally be substituted by a member selected from a halogen atom 
(e.g. fluorine, chlorine, bromine, Iodine), nitro, cyano. hydroxy, an alkyl having 1 to 8 carbon atoms, an 
alkenyl having 2 to 9 carbon atoms, an alkyloxy having 1 to 9 carbon atoms, or an acyl, or tartaric add or 

so its acyl derivatives (l.e. the hydroxy group is acylated with benzoyl, cyclohexanecarbonyl, or toiuoyl), or 
glutamic add; organic sulfonic acids such as methanesulfonlc acid, trffluorornethanesulfonic acid, camphor- 
sulfonic add, or aromatic sulfonic acids such as benzenesutfonlc add, naphthalenesulfonlc acid wherein the 
aromatic ring may optionally be substituted by a member selected from a halogen atom (e.g. fluorine, 
chlorine, bromine, lodin ). nitro. cyano, hydroxy, an alkyl having 1 to 9 carbon atoms, an alkenyl having 2 to 

66 9 carbon atoms, an alkyloxy having 1 to 9 carbon atoms, or an acyl; phenols such as phenol or naphthol 
wherein the aromatic ring may optionally be substituted by a member selected from a halogen atom (e.g. 
fluorine, chlorine, bromine, Iodine), nitro, cyano. hydroxy, an alkyl having 1 to 9 carbon atoms, an alkenyl 
having 2 to 9 carbon atoms, an alkyloxy having 1 to 9 carbon atoms, or an acyl. Among these, the preferred 
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ones are benzoic acid having optionally a substituent benzenesulfonlc acid having optionally a substituent, 
oxalic acid, adipic add, fumarlc acid, maleic acid, and dnnamlc acid. 

The Brtfnsted's acid is used in an amount of 0.5 to 2 equivalents to the atenolol. 

The reaction for forming the salt of atenolol and Brtfnsted's acid can be carried out by a known method. 
6 For example, In case of using a solid or liquid acid, atenolol is directly mixed with the acid, or alternatively, 
both components are added to a solvent, wherein the salt is formed. In case of a gaseous acid such as 
hydrogen chloride, the gaseous acid Is blown into an appropriate solvent (e-g. water, methanol, ethanol, 
chloroform, ethyl ether), and thereto atenolol is added, or alternatively, the gaseous add is blown into a 
solution containing atenolol. 

lo When the salt Is formed In a solution, the solvent is distilled off and the solid material Is separated and 
is added to a solvent of purification as mentioned hereinafter, but it is preferable to form directly the salt in 
said solvent for purification. 

Thus, the atenolol having lower optical purity is firstly formed In a salt with Bnjnsted's add, and the 
formed salt mixture is subjected to separation into a salt having high optical purity and a salt having low 

16 optical purity in the following manner. 

The salt mixture formed above is dissolved in a solvent, whereby the salt having high optical purity is 
dissolved In the solvent and the salt having low optical purity is remained as a solid, and hence, by distilling 
the solution the desired salt having high optical purity can be isolated. 

The Isolation can be carried out, for example, by a crystallization method or an extraction method. 

20 The crystallization method can be carried out by firstly dissolving the atenolol 6ait mixture in a solvent, 
solidifying the racemlc salt having lower optical purity by a conventional precipitation method (e.g. cooling, 
concentration, or addition of a less-soluble solvent or a combination thereof), and then subjecting to a 
conventional solkHlquid separation method (e.g. filtration, centrifugation, etc.) to give the desired atenolol 
salt having higher optical purity. 

26 The solvent used for the above method includes any solvents other than amine solvents which affects 
on the forming of a salt Suitable examples of the solvent are water, alcohols having 1 to 8 carbon atoms 
<e.g. methanol, ethanol, 2-propanol), haiogenated hydrocarbons (e.g. chloroform), ketones (e.g. acetone, 
methyl ethyl ketone), esters (e.g. methyl acetate, ethyl acetate), nitrites (e.g. acetonitrile, propionitriie). 
nitroalkanes (e.g. nitromethane, nHroethane), hydrocarbons (e.g. hexane, n-heptane, cydohexane), ethers 

so (e.g. diethyl ether, tetrahydrofuran, dioxane. ethylene grycol diethyl ether), pyrrolidone, N-methylpyrrolldone, 
dlmethylfonmamide, hexamethylphophorlc triamide and dimethyl sulfoxide, which may be used alone or in 
combination of two or more thereof. 

More specifically, the crystallization method Is carried out as follows: 

The atenolol having low optical purity (1 mole) and p-tolulc acid (1 mole) are dissolved in acetone (5 to 
35 50 liters) with heating and the mixture is stirred at 0* to 15* C tor 5 to 24 hours. The precipitated crystals 
are removed by filtration, and the mother liquor Is concentrated to give an optically active atenolol p-toluate 
with having higher optical purity, for example a salt having an optical purity of 98 % ee or more from a salt 
having an optical purity of 81 % ee In a yield of 50 to 80 %- In this method, when benzoic acid Is used 
instead of p-toluic acid and chloroform Is used Instead of acetone, similar result is obtained. When p-t- 
40 butylbenzdc acid Is used instead of p-tolulc acid In the above method, the produced salt is hardly soluble 
In a solvent, and hence, it is necessary to use a solvent having higher solubility such as ethanol or 2- 
propanol instead of acetone. 

The extraction method is carried out in the following manner. 

The atenolol saft mixture (having low optical purity) is previously crushed In an appropriate particle size 
4$ and is subjected to extraction with a solvent by continuous or batch system. In the continuous extraction, 
the solid salt mixture Is packed In a plural ol columns which are arranged in-line, to which the solvent is 
flowed. According to this method, since the contact between the solid product and the liquid phase is very 
short, it is preferable to allow to stand the mixture for a fixed period of time. It can also be carried out by a 
continuous countercurrent extraction method with Hildebrand extractor, 
so When the separation Is carried out by batch system, the solid product and the solvent for extraction are 
charged In an extractor, and after dipping the solid product in the solvent for a fixed period of time, 
optionally wrth stirring, the extracting solvent is drained from the bottom of the vessel through a filter. 
According to this method, a plural of extractors are arranged in-line, wherein It is preferable to extract by a 
countercurrent extraction method, that is, It Is extracted so that the fresh solid product is contacted with the 
55 final extracting solvent Trie temperature for the extraction may vary depending on the solubility of the 
starting solid product in the solvent, but is usually In the range of from room temperature to the reflux 
temperature of the solvent 

The solvent Includes the same solvents as used in the above crystallization m thod. 
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The salt of atenolol with benzoic acid or sulfonic acids can be purified merely by stirring it in a solvent 
(e.g. chloroform) and filtering off the undissolved solid materials, or it may be purified by the continuous 
extraction as mentioned above. 

In order to Increase the solubility of the atenolol salt, there may be added an additive such as amines 
6 and carboxylic acid salts to the extraction system. 

The precipitated salts or undissolved soOd materials removed from the mixture in the above-mentioned 
method contains still optically active atenolol, and hence, such impure salts may be subjected repeatedly to 
the above purification methods, by which the desired optically active atenolol having an optical purity of 88 
% ee or more can further be Isolated. 
to The optically active atenolol salt having high optical purity isolated by the above methods is then 
subjected to the subsequent step of removing the acid moiety to Isolate the desired optically active atenolol 
having high optical purity in the free form. The removal of the acid moiety may be carried out as to the 
mother liquor obtained In the above methods or alternatively as to the salt Isolated from the solution. 

The removal of the acid moiety from the isolated salt can be carried out by neutralizing the salt with a 
16 base In a solvent to separate It into an acid and a base, or by using an ion exchange resin. 

The base used for the neutralization of the salt includes inorganic bases and inorganic salts such as 
hydroxides, carbonates or hydrogen carbonates of an alkali metal or alkaline earth metal (e.g. sodium, 
potassium lithium, barium, calcium, magnesium), or sodium hydride, or a mixture thereof; organic bases 
such as triethylamine, isopropylamine, pyridine and 4-N,N<timethylamlnopyridlne, or a mixture thereof. 
so The above neutralization of the atenolol salt gives a salt of the acid moiety and base, and the resulting 
salt of the acid moiety and base Is removed from the optically active atenolol. The removal may be carried 
out by various methods which may vary depending on the kinds of the acid moiety and base. For example, 
In some cases, there is formed a hardly soluble salt with an Inorganic base, and in such cases, after 
removing the salt for example, by filtering, the optically active atenolol Is extracted from the filtrate with a 
25 solvent In other cases, an easily soluble salt is formed, and in such cases, the soluble salt Is dissolved in a 
solvent In which the optically active atenolol is little soluble, by which the optically active atenolol can be 
separated from the salt The separation may also be carried out by a countercurrent extraction method. 

The Ion exchange resin Includes cation exchange resins and anion exchange resins. Suitable examples 
of commercially available ion exchange resins are Amberiltes*. Amberlysts® and Oowexes*, but it is not 
so limited thereto. 

The method using an Ion exchange resin can be carried out either batch system or with a column. 
Since atenolol is very soluble In water, It Is preferable to isolate it with a solution of an ion exchange resin 
such as Amberiyst-15* in an organic solvent (e.g. alcohols), since the concentration of the solution and the 
precipitation of the desired atenolol are effectively carried out 

os The solvent used in the above neutralization method and the method with an Ion exchange resin may 
vary depending on the kinds of the bases and ion exchange resins, but includes water, alcohols (e.g. 
methanol, ethanol, 2-propanof). ketones (e.g. acetone, methyl ethyl ketone), esters (ethyl acetate, butyl 
acetate), nitriles (e.g. acetonitiile, propionitrile), nitro compounds (e.g. nitromethane, nitrobenzene), hy- 
drocarbons (e.g. benzene, toluene, hexane, cyclohexane), halogenated hydrocarbons (e.g. chloroform, 

AO dichloromethane, chlorobenzene),ethers (e.g. diethyl ether, tetrahydrofuran, dioxene, ethylene glycol diethyl 
ether), amides (e.g. pyrrolidone, N-methylpyrrolidone, dimethylacetamide), hexamethylphsophoric triamide 
and dimethyl sulfoxide. 

The method using an ion exchange resin can specifically be carried out In the following manner but Is 
not limited thereto. 

45 Amberlyst-1 5® which has an equivalent Ion exchanging ability against optically active atenolol p-toluete 
is packed in a column (solvent methanol), and a solution of optically active atenolol p-toluate In methanol is 
passed through the column from the top thereof, and then methanol is passed through until p-tolulc acid Is 
no more dissolved out Thereafter, a methanol solution containing an amine compound (e.g. 
Isopropylamine), an aqueous ammonia, etc. are passed to separate the optically active atenolol, and the 

so solvent is distilled off from the resulting fraction to give the desired atenolol crystals. If necessary, the 
optically active atenolol may be recrystaili2ed from an appropriate solvent such as alcohols, esters or 
ketones as mentioned above. 

Examples 

€5 

This invention is illustrated by the following Examples but should not be construed to be limited thereto. 
Example 1 
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NH 2 COCH 2 -^-OH 

(3.02 g, 0.02M) is dissolved in a mixture of sodium hydroxide (0.96 g) and water (9.69 g>, and the mixture is 

cooled to 3* C and thereto added R-{-)*plchlorohydr1n flag 1 -35.0* , 135 g) with stirring, and the mixture is 

stirred from 3 hours while returning to room temperature. The precipitated crystals are separated by 

filtration, washed with water, and dried in vacuo in the presence of phosphorus pentoxide to give S-( + )- 

glycidyl ether (II) (2.86 g, 64 %). 

m.p. 161 -162'C 

[ag 1 +9.6* (c = 1.0. methanol) 

[data In literature, DE-2453324, m. p. 147 - 149* C, 

[a]g f +4.8* (c = 1.0, methanol)] 

NMR (DMSOcfc) * 2.65-2.73 (1H. m. CH), 2.83 (1H. dt. J-1.1. 5.1 Hz, CH), 3.20 (2H, s. CH 2 ), 3.33 (1H. m. 
CH), 330 (1H. ddd, J*-11.4. 1.1. 6.6 Hz. CH), 4.29 (1H, ddd, J= -11.4, 1.1, 2.6 Hz, CH). 6.82 (1H, br S, 
NH). 6.89 (2H, J -7.7 Hz. ArH), 7.17 (2H, d, J-7,7 Hz, ArH), 7-39 (1H, br s. NH) 

Example 2 

In the same manner as described In Example 1 except that S-{ + )-eplchlorohydrin (fag 1 +35.0*) Is 
used instead of R-(-)-epIchlorohydi1n. there is obtained R-<-)-glycidyl ether (II) (2.88 g). 
[cjg 1 -8.54' (C « 1.0. methanol) 

Examples 



NH 2 COCH 2 -^^-OH 

(20.09 g, 0.133M) is suspended in a mixture of potassium hydroxide (£.6 g). water (50 g) and methanol (5 
g), and thereto is added dropwise S-( + >^pichlorohydrin <[«Id. +34J2*. 931 g) at 11 *C with stirring, and 
the mixture is stirred while raising the temperature up to 30* C over a period of 3 hours. The resulting 
product Is separated by filtration, washed with water and dried in vacuo in the presence of phosphorus 
pentoxide to give a mixture of R-(-hglycidyl ether 01) and halohydrin (IV) (about 1 : 1, 173 g. yield, 33.5 % 
and 26.8 %, respectively). 

Example 4 

S-<+)-glycidyl ether (II) obtained in Example 1 (2.66 g) Is added to a mixture of methanol (243 g) and 
Isopropylamine (21.6 g). and the mixture is refkixed by heating with stirring for 6 hours. Trie reaction 
mixture Is distilled under reduced pressure to remove the solvent, and the residue is purified by silica gel 
column chromatography (chloroform : methanol = 20 : 1) to give S-(-)-atenolol (III) (3.04 g. 89 %). This 
product has an opticai purity of 93 % ee when analyzed by HPLC with Chlralcel OD®. 
m.p. 151.0- 152.6* C 
tag 1 -15.57* (c = 1.0.1NHCI) 

[data in literature. DE-2453324. m.p. 151.3 - 153 C, [*# -13.6 (c = 1.0. 1N HCI)] 
Example 5 

A mixture of R-(-)-glycidyl ether (II) and halohydrin (IV) (about 1:1. 8.77 g) obtained In Example 3 is 
added to a mixture of methanol (80 g) and isopropylamine (80 g), and the mixture is refluxed by heating 
with stirring for 5 hours. To the mixture is added sodium carbonate (3 g), and the mixture Is further stirred 
with heating for 2 hours. The reaction mixture is distilled under reduced pressure to remove the solvent and 
the residue is purified by silica gel column chromatography to give fl-(+)-atenolol (III) (839 g, 85 %). This 
product has an optical purity of 90 % ee when analyzed by HPLC with Chlralcel OD®. 
m.p. 151.5- 152.8' C 
Mg 1 + 15.0 * (c » 1.0, IN HQ) 
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1HNMR (DMSO-dO ft 0.99 (6H. 0. J-6.2 Hz. CH,). 2.60-2.75 <2H ml 3H,). 3.28 (2H ^. 3^0-3.40 
(1H. m, CH). 3.77-3.96 (3H. m. CH 2 . CH). 6.80 (1H. br s. NH). 6.88 (2H. d. J = 7.7 Hz, ArH), 7.17 (2H. d. 
J =7.7 Hz. ArH). 7.37 (1H. br s. NH) 

s Example 8 

S-(+H>lvcidyl ether (II) obtained in Example 1 Is recrystalllzed from methanol to give a purified product 
(ID fmi) 1673 - 168.6* C. -MO*' . (c = 05. methanol)]. TWs product Is reacted with isoprapylamtae 
Ktmm m anner as described In Examp.e 4 to give S-(-)-atenolol (...). This product has an optical purity 
io of 98.3 % ee when analyzed by HPLC with Chlralcel OD*. 

Example 7 

R-(.Vfllycldyl ether (II) obtained In Example 3 is recrystalllzed from acetone to give a purified product 
« (ID tm p 186.2 - 167.9* C. [.ff -10.6* . (c - 0.5, methanol)]. This product is reacted wtth .aopropylam.ne In 
i?e W,e manner as described In Example 4 to give FH+)-atenolol (III). This product has an optical purity 
of 98,1 % ee when analyzed by HPLC with Chlralcel OD«. 

Example 8 

20 A mixture of (V(-)-eplchlorohydrin (27.6 g) and water (21 g) Is stirred under cooling at 6* C. and thereto 
Is added dropwise a solution of 

zs NB 2 COCH 2 -@-OH 

(357 a), benzyltrimethytammonlum chloride (0.18 g) and sodium hydroxide (9.44 g) In water (158.38 g) over 
a period of one hour, and the mixture is slirred at 5 C for 51 hours. After confirming toat the reaction 
proceeds 87 % by HPLC analysis, the excess sodium hydroxide is neutralized with 3.5 % hydrochtonc acid 
STthe same temperature. The reaction mixture is added to laopropylamlne (264 g) under cooling; at 10-C 
with stirring over a period of one hour. After raising the temperate of fte ™^ to 20 C. and 

the mixture Is further stirred for 35 hours (the completion of the reaction is confirmed by HPLC). The 
reaction mixture is concentrated under reduced pressure until crystals are P^tatod- Jf*^^ J? 
product is separated by filtration with auction, dried In vacuo to give crude atenolol (III) (51 55 g. 72.2 %)- 
Siding to analysis by HPLC, this product has a chemical purity of 87.8 % and an optical punty of 94.8 
% ee. 

Example 9 

8-atenolol (optical purity. 91 % ee. 4.43 g) and p-tolulc acid (2.28 g) are dissolved |nacetone^0 ml) 
by heating, and the mixture Is allowed to stand overnight at room temperature. The preaprtated crystals are 
•aputted I by filtration, and the filtrate Is concentrated under reduced pressure to give S-atanolol toluate 
having an optical purity of 98.8 % ee (5.01 g). .. . 7 .,-, 

The precipitated crystals separated above (1 .7 g) is S-atenolol toluate having an optical punty of 765 % 

" The S-atenolol toluate having an optical purity of 985 % ee (5.01 g) obtained above is treated with iton 
exchange resin (Amberiyst 15*. manufactured by Rohm & Haas), and after removing the free tolu'cacW 
wtth methanol, the desired product is eluted with a mixture of Isopropylamlne and methanol to give s- 
60 atenolol having an optical purity of 985 % ee (2.91 g). 
lag 1 -16.7* (c = 1.0. 1N HCI) 
m.p. 150.9- 152.2' C 

[data in literature. DE-2453324. («ft< -13.6 (c = 1.0. 1N HCI)] 

The optical purity of the atenolol and a salt thereof la measured by HPLC analyse wrth Chlralcel OD» 
66 (hereinafter the same). 

Example 10 



so 



35 



40 
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S-atenolol toluate having an optical purity of 71.1 % a (3.44 g) Is recrystallized from 99.5 % ethanol 
(25 ml) at room temperature. The precipitated salt (1.49 g) and the salt further obtained from the mother 
liquor (1.71 g) have an optical purity of 59.7 % ee and 80.2 % ee, respectively. 



Example 1 1 

R-atenolol benzoate having an optical purity of 94.3 % ee (0.96 g) Is stirred In chloroform (22 ml) at 
room temperature for 4 hours. The undissolved product (0-20 g) and the crystals obtained from the mother 
liquor (0 78 g) have an optical purity of 76.7 % ee and 99.4 % ee, respectively, when analyzed by HPLC. 

The salt having an optical purity of 99.4 % ee is treated with -Amber1ysM5«>- in the same manner as 
described in Example 9 to give R-atenolol having an optical purity of 89.4 % ee. 
[a]§ 1 +16.7" (c = 1.0.1NHCI) 



Example 12 

R-atenolol having an optical purity of 98 % ee (0.68 g) and p-t-butylbenzolc acid (0.45 g) are added to 
95 % ethano! (25 ml) at room temperature, and the precipitated crystals (1.49 g) and the crystals further 
obtained from the mother liquor (1.71 g) have an optical purity of 78.9 % ee and 99.3 % ee,^ respectively. 
The R-atenolol p-t-butylbenzoate having an optical purity of 99.3 % ee has a melting point of 140 - 142 C. 



Example 13 

S-atenolol having an optical purity of 91.2 % ee (0.66 g) and p-chlorobenzoic acid (0.40 g) are stirred in 
chloroform (20 ml) at room temperature for 5 hours, and the precipitated crystals (0.28 g) and the crystals 
further obtained from the mother liquor (0.74 g) have an optical purity of 70.3 % ee and 98.5 % ee. 
respectively. 



Example 14 

R-atenolol having an optical purity of 92.4 % ee (0.66 g) and p-toluenesuKonic acid (0.50 g) are stirred 
In chloroform (60 ml) at room temperature for 5 hours, and the precipitated crystals (0.7B ig) i and the 
crystals further obtained from the mother liquor (0.40 g) have an optical purity of 86.6 % ee and 94.1 % ee. 
respectively. 

Example 15 

R-atenolol having an optical purity of 93.9 % ee (0.66 fl) and p-nltrophenol (0.348 g) are dissolved In 95 
% ethano! and thereto Is added ethyl acetate (200 ml) at room temperature, and the precipitated crystals 
are separated by filtration. The precipitated crystals (0.38 g) and the crystals further obtained from the 
mother liquor (0.72 g) have an optical purity of 90.0 % ee and 95.4 % ee, respectively. 



Example 16 



S-atenolol hydrochloride having an optical purity of 90.9 % ee (522 mg) is recrystallized from2- 
propanol (20 ml) at room temperature. The precipitated crystalline salt (0.28 g) and the crystals further 
obtained from the mother liquor (0.24 g) have an optical purity of 87.8 % ee and 95-2 % ee. respectively. 



Example 17 



R-atenolol having an optical purity of 95.1 % ee (0.652 g) and succinic acid (288 mg) are dissolved in 
2-propanoi (20 ml) by heating at 80 ' C and allowed to cool to room temperature. The precipitated crystals 
are separated by filtration, and the filtrate Is concentrated under reduced pressure to give R-atenolol 
succinate having an optical purity of 1 00 % ee (430 mg). 

The crystals precipitated above are R-atenolol succinate having an optical purity of 91 £ % ee. 



Example 18 
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NH,COCH 



(15.33 g) and lithium hydroxide monohydrate (4.27 g) are dissolved In water (40 g) at 30* C, and the 
mixture is cooled to 5* C and thereto added R-epichlorohydrin (optical purity: 98 % ee, 9.25 g) with stirring, 
and the mixture ts stirred from 24 hours at the same temperature. The precipitated crystals are separated 
by filtration, washed with water, and dried in vacuo in the presence of phosphorus pentoxide to give S- 
gtyddyl ether (II) (10.56 g). 

The S-glycidyl ether (II) (10.56 g) Is added to a mixture of isopropylamine (65 g) and methanol (65 g) 
and the mixture is refluxed by heating with stirring for 15 hours. The reaction mixture is distilled under 
reduced pressure to remove the solvent and thereto Is added acetone to crystalize the product to give S- 
atenolol having an optica] purity of 96.5 % ee (10.77 g). 

The S-atenoiol having an optical purity of 96.5 % ee (10.77 g) thus obtained and p-tolulc acid (5.54 g) 
are dissolved in acetone (1 liter) by heating with stirring and the mixture Is stored at room temperature for 
10 hours. The precipitated crystals are separated by filtration and the filtrate is concentrated under reduced 
pressure to give S-atenolol p-toluate having an optical purity of 98.5 % ee (14.47 g). 

The crystals precipitated above (1.41 g) are S-atenolol p-toluale having an optical purity of 80-5 % ee. 



(7.87 g) and sodium hydroxide (2.13 g) are dissolved In water (40 g), and the mixture is cooled to 5* C 
and thereto Is added S-epichlorohydrin (optical purity: 88 % ee, 4.7 g) with stirring, and the mixture is 
stirred for 16 hours at the same temperature to give R-glycidyl ether (II) (5.50 g). 

The R-glycidyl ether (II) (5.50 g) thus obtained is added to a mixture of isopropylamine (39.2 g) and 
methanol (40 g) and the mixture is refluxed by heating with stirring for 10 hours, The reaction mixture Is 
distilled under reduced pressure to remove the solvent and thereto is added aoetone to crystalize the 
product to give R-atenolol having an optical purity ol 95.8 % ee (5.60 g). 

The R-atenolol having an optical purity of 95.8 % ee (5.60 g) thus obtained and benzoic acid (2.63 g) 
are dissolved In chloroform (90 ml) by heating and the mixture Is stored for 8 hours. The crystals 
precipitated at room temperature are separated by filtration and the filtrate is concentrated under reduced 
pressure to give R-atenolol benzoate having an optical purity of 99.4 % ee (6.86 g). 

The crystals precipitated above (1.31 g) are R-atenolol benzoate having an optical purity of 77.0 % ae. 



and sodium hydroxide is carried out at 20 *C. there is obtained R-glyddyl ether (II) (6.5 g). The R-glycldyl 
ether (IQ (65 g) Is reacted with Isopropylamine to give R-atenolol having an optical purity of 81.2 % ee (6.3 

g). 

The R-atenolol having an optical purity of 91.2 % ee (6.3 g) thus obtained Is dissolved in chloroform 
(300 ml) by heating, and thereto is blown hydrogen chloride gas until ft Is saturated. The mixture is 
concentrated under reduced pressure, and the resulting hydrochloride (7.16 g) is dissolved in 2-propanol 
(400 ml) by heating, and then the mixture is sltrred at room temperature for 8 hours. The precipitated 
crystals are separated by filtration and the filtrate is concentrated under reduced pressure to give R-atenolol 
hydrochloride having an optical purity of 96.2 % ee (3.50 g). 

The crystals precipitated above (3.66 g) are R-atenol I having an optical purity f 86.5 % a. 



Example 19 




Example 20 



In the same manner as described In Example 18 except that the reaction of 
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Reference Example 1 

S-atenolol having an optical purity of 92 % ee (0.65 g) is dissolved in acetone (28 ml) by heating, and 
the mixture is concentrated to 10 ml. After allowing to cool, the precipitated crystals are separated by 
8 filtration to give crystals have an optical purity of 92 % ee (0.32 g). 

Reference Example 2 

R-atenolol having an optical purity of 88 % ee (3,5 g) Is dissolved in 2-propanol {30 ml) by heating, and 
to the mixture is allowed to cool. The precipitated crystals are separated by filtration to give R-atenolol having 
an optical purity of 89 % ee (2.8 g). 

Claims 

ts 1. A process for producing an optically active atenolol, which comprises reacting a compound of the 
formula: 



NH 2 COCH 2 -^^-OH ( I ) 

with an optically active eplhalohydrin in the presence of 1 to 1.5 equivalent of an alkali metal hydroxide 
in an aqueous solvent at a temperature of 0* to 35" C to give an optically active glycidyl ether of the 
formula: 



26 



30 




(ID 



wherein ■ means asymmetric carbon, followed by reacting the optically active Intermediate glycidyl 
ether (II) with Isopropylamine. 

36 2. The process according to claim 1, wherein 1 mole of the glycidyl ether (II) is reacted with 3 to 50 moles 
of Isopropylamine in a solvent selected from water, a lower alcohol or a mixture thereof at a 
temperature of 5* to 60* C. 

3. A process for producing an optically active atenolol having a high optical purity, which comprises 
40 reacting an atenolol having lower optical purity with a Bransted's acid to form a salt thereof, separating 
selectively a salt of optically active atenolol having higher solubility from a salt of racemic atenolol 
having lower solubility In a solvent utilizing the difference of the solubility in the solvent, followed by 
removing the acid moiety from the thus-separated salt of optically active atenolol having high solubility. 

45 4. The process according to claim 3, wherein the atenolol salt having higher optical purity Is obtained by 
extracting from the solid atenolol salt having lower optical purity. 

5. The process according to claim 3. wherein the separation of the atenolol salt having higher optical 
purity Is carried out by dissolving the atenolol salt having lower optical purity In a solvent, precipitating 

so solid materials having a high content of racemic atenolol salt, and then isolating the atenolol salt having 
higher optical purity by solid-liquid separation method. 

6. The process according to any one of claims 3 to 5, wherein the Brflnsted's acid Is a member selected 
from a hydrogen haJide, sulfuric acid, phosphoric acid, organic mono- or dlcarboxylic acids, organic 

66 sulfonic acids, and phenols. 

7. A process for producing an optically active glycidyl ether of the formula: 
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ra 2 COCH 2 ^_Vo 




O 



(II) 



5 



wherein " means asymmetric carbon, which comprises reacting a compound of the formula: 



10 



NH,COCH 



2^ 



OH 



(I) 



with an optically active epihalohydrin in the presence of 1 to 1.5 equivalent of an alkali metal hydroxide 
In an aqueous solvent at a temperature of 0* to 35* C. 



8. The process according to any one of claims 1 and 7, wherein the compound of the formula (I) Is 
reacted with R-epihalohydrfn to give S-glycidyl ether (II). 

9. The process according to any one of claims 1, 7 and 8 wherein the reaction of the compound of the 
20 formula (I) with an optically active epihalohydrin is carried out at a temperature of 5 * to 25 * C. 

10. The process according to any one of claims 1 and 7 to 0, wherein the reaction of the compound of the 
formula (I) with an optically active epihalohydrin Is carried out In a 1 to 20 % by weight aqueous alkali 
metal hydroxide solution. 

26 

11. The process according to any one of claims 1 and 7 to 10. wherein the epihalohydrin is used in an 
amount of 1 to 2 moles to 1 mole of the compound of the formula (I). 

12. The process according to any one of claims 1 and 7 to 11, wherein the reaction of the compound of the 
so formula (I) with an optically active epihalohyrin is carried out in the presence of a quaternary 

ammonium salt of the formula: 

RiRaR*RiN*>C (IV) 

36 wherein R,, R2, R« and FU are the same or different and are each an alkyl having 1 to 16 carbon 
atoms, allyl. an aryl having 8 to 7 carbon atoms, or benzyl in an amount of 0.001 to 5.0 % by weight 
based on the weight of the compound (f). 
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